ABSTRACT: The life history of the cumacean Nippoleucon hinumensis was investigated in the Seto Inland Sea of Japan from August 1998 to February 2002. The population produced 1 generation per year and recruitment of offspring occurred in April. The post-marsupial period consisted of 8 instars in males and 9 (plus generally 2 repeated instars) in females. Post-marsupial development up to the 4th instar (2nd juvenile stage) was characterized by periodic molting at intervals of 10 d, slow growth rate, and suppression of sexual dimorphism. Thereafter, the juveniles entered a long-term summer diapause from mid-May to early December, during which the ambient seawater temperature ranged from 15 to 28°C. Ninety-nine % of the population during the diapause were at the 2nd juvenile stage, and 1% were at the 1st juvenile stage. In December, the cumaceans resumed growth, characterized by a fortnightly molt cycle, until the females began to incubate the first brood in late February. Each molting was highly synchronized among individuals and phased with the lunar cycles. After the end of the summer diapause, sexual dimorphism became apparent, with ovigerous females becoming about 1.2 times larger than adult males. After release of manca larvae in early April, most females incubated a second brood in late April, and then rapidly disappeared due to mortality probably caused by high water temperature. Clutch size was 57.9 ± 9.4 for the first brood and 42.4 ± 7.3 for the second. 
INTRODUCTION
Annual fluctuations in ambient temperature comprise an important environmental factor affecting animal life. Many terrestrial animals have developed physiological mechanisms of diapause, whereby growth is arrested during the winter or summer season when ambient temperatures are too severe for survival. A number of studies on insects have documented a diapause in many species (e.g. Danilevsky 1961 , Masaki 1983 . Although crustaceans are comparable with insects in abundance and morphological diversity (Brusca & Brusca 2002) , their diapause has not so extensively been studied as in insects. Crustacean dormancy has mainly been studied in freshwater groups such as ostracods, copepods and cladocerans (Alekseev & Freyer 1996 , Brendonck et al. 1998 . Although the diapause has been studied in some marine copepods, dormancy seems less common in marine than in freshwater crustaceans, probably because of the environmental stability of the sea.
Peracarid crustaceans, which include amphipods, isopods, mysids, tanaids and cumaceans, comprise a large part of epibenthic macrofauna from shallow waters to the deep sea. Most of the 1200 cumaceans reported are marine species. Life history studies of cumaceans have revealed that their life span usually ranges from a few months to a few years (Forsman 1938 , Krüger 1940 , Corey 1969 , 1976 , Gnewuch & Croker 1973 , Valentin & Anger 1977 , Granger et al. 1979 , Bishop 1982 , Duncan 1984 , Jarre 1989 , Roccatagliata 1991 , Bishop & Shalla 1994 , Cartes & Sorbe 1996 , Corbera et al. 2000 , Yoda & Aoki 2002 . In general, the cumacean life span seems to be related to ambient temperature, with lower temperatures resulting in a longer life span (Duncan 1984) . However, most studies of cumaceans have concentrated on species living in the temperate Atlantic (Roccatagliata 1991) ; comparative studies in other climatic regions or depths are necessary in order to elucidate the specific adaptation of cumaceans to environmental temperatures.
The cumacean family Leuconidae generally lives in cold waters, such as in the deep sea or on the continental shelves of cold latitudes (Jones 1969 , Bacescu 1988 . The life history of leuconid cumaceans has been studied in 2 deep-sea species, Leucon jonesi (Bishop 1982) and Leucon profondus (Bishop & Shalla 1994) , and a shallow water species, L. nasica, in the Gulf of Saint Lawrence (Granger et al. 1979) . The life span of these cold-water species comprises a few years. The geographic distribution of the Leuconidae in Japanese waters is characterized by a southern extension of the habitat to warmer regions such as shallow bays and brackish lakes in Honshu (Gamô 1967) . High water temperatures during the summer season in these habitats are presumably hazardous for the leuconid cumaceans (which originated from cold waters), and therefore these must possess various adaptations to cope with high water temperatures. We found that in the central region of the Seto Inland Sea of Japan, a great majority of Nippoleucon hinumensis undergo a long-term summer diapause in the juvenile stage, with a very small number of individuals showing a nondiapausing mode in their life history. The present paper deals with the great majority of the N. hinumensis population which shows a summer diapause unique among crustaceans. In a succeeding paper (Akiyama & Yamamoto 2004 , this volume), we describe the small population of the N. hinumensis population with a non-diapausing mode.
The present study also addresses inter-individual synchronization of reproduction, and embryonic and post-embryonic development in Nippoleucon hinumensis. Some previous field studies have focused on the timing of developmental events in crustaceans (Klapow 1972 , DeCaursey 1983 , Sastry 1983 . Through intensive field sampling over 3.5 yr, we reveal a distinct inter-individual synchrony of the molt cycle phased with the semilunar cycle. (Gamô, 1967) was collected in the central region of the Seto Inland Sea of Japan in the NW Pacific. The sampling site (off Ushimado, Okayama Prefecture; 34°36' N, 134°09' E) is estuarine, near the mouth of a bay into which flow 4 rivers. The water temperature at the study site fluctuated seasonally from 8°C (February) to 28°C (August and September).
MATERIALS AND METHODS

Study site. Nippoleucon hinumensis
Collection. The sampling station was at a single site at a depth of 6 m throughout the investigation. Preliminary investigation had confirmed that Nippoleucon hinumensis lives at the surface of muddy substratum down to a depth of ca. 10 m throughout the year. Epibenthic sledges were used. From August 1998 through March 2000, a sledge of 46 cm width equipped with 500 µm nylon mesh was used. After April 2000, a smaller sledge of 33 cm width equipped with nylon mesh of 250 µm nylon mesh was used, as the larger mesh size failed to collect some specimens of 1st manca larvae. The distance of each tow was 50 m and towing speed was 2 to 4 km h -1 . The rope length was 3 to 4 times the depth of the water. Each tow was made in the direction of the tidal current. We monitored the ship position, and the direction and speed of towing by Global Positioning System (GPS) on board the towing vessel. The muddy sediment collected by the epibenthic sledge was sieved, using a plastic basket equipped with the same nylon mesh as used in the collection sledge. From November to May, we gathered samples 2 or 3 times a week, and in the other seasons, 2 or 4 times a month; 2 or 3 sediment samples were collected on each sampling day. For quantitative estimation of population density, sediment samples were obtained using a small grab of 15 × 15 cm bite from April 2001 to March 2002. On board, each grab sample was passed through a 250 µm sieve; 3 grab samples were taken on each sampling day. The sediment samples were transferred to the laboratory, fixed with 5 to 10% formalin in borate-buffered seawater, and animals sorted under a dissection microscope. In some cases, living specimens were sorted from sediment samples and the specimens were preserved in 5% formalin in boratebuffered seawater.
Morphology. The specimens were measured under a dissection microscope (Olympus SZH or Leica MZ125). Carapace length was used as an index of body size. The posterior end of the dorsal surface of the pseudorostrum and the carapace were marked on paper with the aid of a drawing tube and the distance between them was measured with a calibrated caliper. The pseudorostrum was excluded because of its sexual dimorphism in the adult (Bishop 1982) . Gut contents were observed by transmitted light without dissection. Nippoleucon hinumensis is characterized by distinct sexual dimorphism. Sexes were determined by the external morphology of the 4th pereopod, whose exopod in all instars is present only in the males (see Fig. 5 ). Intramarsupial individuals were counted and stages were determined after they were removed from the marsupium of ovigerous females.
Developmental stage. We modified the 5 stages in the intramarsupial development proposed by Bishop (1982) to 6 stages. Stage I: spheroidal egg without distinct embryonic structure; II: embryos showing dorsal curvature with small dorsal notch; III: embryos showing dorsal curvature with distinct dorsal notch and segmentation; IV: embryos showing dorsal curvature with distinct dorsal notch and swollen buds or distinct appendages around dorsal curvature (nauplius, first postnauplius and transient stages); V: larvae after casting off embryonic membrane, showing ventral curvature with free appendages (second postnauplius stage); VI: larvae virtually corresponding to larvae at first post-marsupial instar (1st manca stage). The postmarsupial period consisted of 8 instars (1st and 2nd manca, 1st to 5th juvenile and adult) in males, and 9 instars (1st and 2nd manca, 1st to 5th juvenile, preparatory and ovigerous female); however, after the initial 9 instars, most females repeated the preparatory and ovigerous instars (see Tables 1 & 2 ). The postmarsupial stages were determined on the basis of the shape of the carapace, 4th (see Fig. 5 ) and 5th pereopods and uropods for males, and the shape of the carapace, pereopods, uropods and oostegites plus body size for females.
RESULTS
Summer diapause
Recruitment of offspring occurred only in April and the parents disappeared from February to April; thus, Nippoleucon hinumensis in the study area produces only 1 generation per year (Fig. 1) . Of note in the annual pattern was a long-term cessation of growth from May to November. The life span was divided into 3 phases: a short early growth phase from April to May; the long period without growth from May to November, and a late growth phase from December to March (Fig. 1) . Carapace length of the specimens remained at ca. 0.4 mm from May to November. Judging from the shape of appendages, individuals stayed in the same post-marsupial stage throughout the long period without growth (see 'Post-marsupial development'). From December to May, the specimens in the early or late growth phase had food residues in their gut, except for specimens whose soft integument indicated that they had just molted. In contrast, none of the specimens that ceased growth had food residue in their guts ( Fig. 2A) . Thus, cessation of growth, developmental arrest, and complete fasting strongly suggested that the population entered a long-term summer diapause from June through November. Fasting began over a period of about 10 to 14 d in mid-or late May, when the water temperature ranged from 16 to 18°C (Fig. 2B-D ). Re-initiation of feeding ( Fig. 2E-G ) occurred over a period of about 10 to 14 d in late November or early December, when the water temperature ranged from 15 to 17°C. It was not clear whether these highly synchronous events were related to phase of the moon.
Shortly after entering the summer diapause, numerous spherical particles were visible in the carapace and free thoracic segments (Fig. 3A) . Electron microscopic observation (M. Yamamoto & T. Akiyama unpubl.) revealed that the particles were cytoplasmic inclusions, usually referred to as lipid droplets in electron micrographs (Porter & Bonneville 1973) . The lipid droplets occurred as early as the 1st manca instar and gradually increased in number during post-marsupial development up to the summer diapause. Just after the end of the summer diapause, lipid droplets had disappeared from the carapace and free thoracic segments (Fig. 3B ).
Post-marsupial development
Early growth phase
In April, the offspring were released from the marsupium as 1st manca larvae (Fig. 4) . These became 2nd manca larvae in late April, 1st juvenile instars in early May, and 2nd juvenile instars in mid-May. Development was so synchronous, that specimens in each sediment sample were mostly at the same instar. The larvae became larger with each molt up to the 1st juvenile instar, but 2nd juvenile instars were almost the same size as 1st juvenile instars. Nippoleucon hinumensis incubated twice in the study area. A very small number of 1st manca larvae (3 to 5% of specimens in each sediment sample) appeared again in mid-May, when the great majority of the larvae released in April had entered the 2nd juvenile instar ( Fig. 4 ; see also Fig. 9 ). This small group seemed to represent individuals released from the second brood, but we could not follow the post-marsupial development of the small group after the 1st manca instar. Carapace lengths did not differ between males and females. Percent linear growth over 3 molts declined progressively from 17% to about 2% both in males and females (Table 1) . The sex ratio (males:females) of the 1st manca larvae was 0.85 in specimens collected from 30 March to 14 April 2000 (N = 2435). Fig. 5 shows the 4th pereopod of male specimens. Although this increased in length with each molt, the exopod on the 4th pereopod (the secondary sexual character of the male) remained small during the instars before the summer diapause. Thus, sexual dimorphism was not strongly expressed in instars before the summer diapause. Individuals derived from the first brood entered the summer diapause after they had developed to the 2nd juvenile instars. Comparison of the shape of the appendages revealed that 99.0% of the specimens in diapause (3549 of 3606 males and 4495 of 4545 females) were at the 2nd juvenile stage (4th instar) (Fig. 3A) , but the remaining 1% was at the 1st juvenile stage (3rd instar). The carapace lengths of the 1st juvenile instars in diapause were 0.359 ± 0.013 for males and 0.361 ± 0.013 for females, significantly smaller (p < 0.01) than those of the 1st juvenile instars developing before the summer diapause (Table 1) . We regarded the 1st juvenile instars in diapause as individuals derived from the second brood (see 'Discussion').
Late growth phase Individuals grew rapidly during the period December 1998 to February 1999 (Fig. 6) . A stepwise increase in size occurred, with 4 instars in the male (3rd to 5th juveniles and adult), and 5 instars in the female (3rd to 5th juvenile instars, preparatory female and ovigerous female) after the 2nd juvenile stage. Females began to incubate the first brood in late February. After release of the manca larvae from the first brood, females incubated a second brood (Fig. 7) . On 30 March 1999, 58% of the females had an empty marsupium, and 30.8% of the females had entered the second preparatory stage after molting. On 7 April, 81% of the females were in the second preparatory stage, and on 27 April 97% of the females were incubating a second brood (2nd ovigerous stage). Table 2 shows the carapace length of the specimens at each developmental stage after the summer diapause. The percentage linear growth accompanying each molt from the 2nd to 5th instars ranged from 16.5 to 18.0% for males and from 15.0 to 23.4% for females. The low growth rate from the 5th juvenile instars to adult male (5.3%) and from preparatory female to ovigerous female (0.5%) may have been Fig. 5D-H . Elongation of the exopods on the 4th pereopod at each molt indicated that sexual dimorphism increased gradually after the summer diapause. The enlarged exopod with long plumose setae in the adult male (Fig. 5H ) presumably improved swimming speed and manoeuverability. The sex ratio tended to increase from December to January (Fig. 8) . Around 10 February 1999 and 2001, shortly before the beginning of the first incubation in the females, the sex ratio increased suddenly to around 2. Thereafter it decreased rapidly, presumably due to a sudden decrease in the number of males. From March to April, males decreased to 10-20% of females in 1999 and to 30-60% in 2001. This suggests that most males died soon after mating. Females had all disappeared by late May following incubation of the second brood (see Fig. 13 ).
Molt cycle
The larvae underwent their first molt about 10 d after emergence (Fig. 9) . Molting was synchronous among individuals within the population. Successive molts occurred at intervals of about 10 d. The timing of each molt was identical between both sexes. It was not clear how the molt cycle up to the summer diapause was related to phase of the moon.
The molt from the 2nd to the 3rd juvenile instars occurred 2 wk or more after resumption of feeding (Fig. 10) . Successive molts after the end of the summer diapause occurred at an interval of about 2 wk, and each molt was also synchronous among individuals within the population. The timing of each molt was the same for males and females up to the 5th juvenile instar. The 5th juvenile instar was longer in the male (ca. 20 d) than the female (ca. 15 d). The females remained at the 1st preparatory stage for about 20 d, a longer period than any earlier instars. The investigation over 3.5 yr confirmed that the molt cycle after the summer diapause was related to the phase of the moon: each molt occurred shortly before new moon and shortly before the full moon (around spring tide at the study site).
Fecundity
For females during the first incubation, fecundity (no. of ind. marsupium -1 ) was 57.9 ± 9.4 (ranging from 30 to 77; N = 94) and carapace length 0.815 ± 0.039 mm (Fig. 11) . The regression line between fecundity (y) and carapace length (x) was y = 151.6x -65.7. For females during the second incubation, fecundity was 42.4 ± 7.3 (ranging from 28 to 60, N = 46), about 15 less than for the first incubation, and the carapace length was 0.839 ± 0.039 mm. The regression line between fecundity and carapace length was y = 83.5x -27.7. Fecundity for the second brood was about 30% less than for the first brood.
Intramarsupial development of offspring
A similar relationship between stages of intramarsupial individuals in the first and the second brood and . The time of release of 1st manca larvae from the second brood could not be determined in 1999 because few females were collected that year but, from the transition of stages of the intramarsupial individuals, it was estimated as the first half of May.
Seasonal abundance
The rapid increase in population density in early April reflected the release of manca larvae from the first brood (Fig. 13A) . The mean population density in May was 93.5 ± 101.4 ind. per 225 cm (based on 30 sediment samples). Population density decreased gradually during the summer diapause, and in late November and early December it declined to 18.8 ± 9.1 ind. per 225 cm (based on 6 sediment samples). Thus it is concluded that about 20% of the population survived the summer diapause.
After the summer diapause, the population decreased in numbers so drastically that the sediment samples collected by the grab could not provide a precise profile of seasonal fluctuations in density. Therefore we collected samples using an epibenthic sledge. This method obtained only individuals after the summer diapause, excluding coexisting offspring before the summer diapause. The trend in population density was unclear from January to March due to a large dispersion of data caused by the unstable efficiency of collection by the epibenthic sledge. From April to May, the population, mostly females with their Fig. 2B ; other symbols as in Fig. 6 second brood, rapidly decreased in number (Fig. 13B) . In late May, no adult specimens were collected. The numbers of individuals in sediment samples collected on the same day were highly variable between sampling points: 6 sediment samples contained around 50 individuals and 1 sediment sample contained over 130 (Fig. 14) . The high degree of dispersion in numbers of individuals seemed to reflect a patchy distribution in their habitat. The sediment sample with the most individuals included a higher ratio of preparatory females; the frequency of preparatory females was 25.8% for samples with < 30 individuals, 47.6% for samples with 40 to 60 individuals, and 76.1% for the 1 sample with 138 individuals. 
DISCUSSION
Summer diapause
The most striking feature of the life history of Nippoleucon hinumensis is a long-term summer diapause in the juvenile instars. For about 6 mo, from summer to autumn, these individuals stopped growth, took no food, and remained at the same instar (99% in the 2nd juvenile instar and 1% in the 1st juvenile). In late November, they resumed feeding and began postmarsupial development after the 4th instar. We concluded that N. hinumensis undergoes a long-term summer diapause in the Seto Inland Sea of Japan.
The summer diapause in Nippoleucon hinumensis is thought to be an adaptation to survive high ambient temperatures. Of 91 known species of leuconid cumaceans, 56 live in the deep sea (Jones 1969 , Bacescu 1988 , 1992 . A morphological characteristic of the Leuconidae is their lack of ocular photoreceptors, in both deep-sea and shallow water species (with only 1 exception), whereas in other cumacean families ocular photoreceptors are not degenerate, except for deep-sea species. This suggests that the ancestral species diverged as they entered new shallow water habitats. High water temperatures from summer to autumn in the Seto Inland Sea could be harmful to species originating from cold waters. The supply of organic particles from river outflow makes the habitat of N. hinumensis eutrophic, occasionally reductive, and deoxidized from summer to autumn. Entering a diapause shortly before the high-temperature season apparently ensures survival of about 20% of the N. hinumensis population over the summer. As a result, N. hinumensis is one of the dominant species in this habitat. Ecological studies of the epibenthic fauna at the study site would reveal further details of adaptive aspects of the summer diapause in N. hinumensis. Long-term fasting requires stores of energy. In Nippoleucon hinumensis, many spherical bodies identified by electron microscopy as so-called lipid droplets (Yamamoto & Akiyama unpubl.) accumulated in the body cavity of individuals in the summer diapause. These droplets seem to be the energy source sustaining the fasting population during this time. Although the deep sea environment is oligotrophic, a seasonal increase in phytodetritus in spring provides benthic animals with sufficient food (Gage & Tyler 1991) . In such an environment, effective storage of energy resources in the form of lipid droplets would be advantageous for ancestral species of the Leuconidae. In insects, energy reserves for the summer diapause are stored as fat within the adipose tissue of the fat body (Masaki 1983) . Further biochemical studies would reveal the nature of the energy stores for the summer diapause in these crustaceans.
The start of the summer diapause in May and at the end in November were highly synchronized among individuals within the population of Nippoleucon hinumensis. Presumably, such synchrony depends partly on internal physiological processes entrained by physical environmental time cues. In insects, underlying mechanisms governing the timing of diapause have been well-documented (Saunders 1982) . Seasonal changes in photoperiod (day length) and ambient temperature are often utilized as effective cues to determine the timing of the diapause (Brendonck et al. 1996 , Stross 1996 . In the present study area, water temperature increased in May and decreased in November by 3.7 ± 0.6 and 5.4 ± 0.7°C, respectively. Fluctuation in day length in both May and November around the sampling site is ca. 45 min. Thus the photoperiod and the ambient temperature could be effective cues to determine the time of the beginning and cessation of the summer diapause in N. hinumensis. 
Molt cycle
The molt cycle of Nippoleucon hinumensis was also highly synchronized among individuals within the population at the study site. In particular, the molt cycle after the end of the summer diapause exhibited a distinct semilunar rhythm. The ecological aspects and physiological mechanisms of the semilunar rhythms in marine organisms have been well documented in previous studies (Neumann 1981 , Palmer 1995 . As for the Crustacea, a distinct semilunar rhythm of the molt cycle has been reported in the isopod Excirolana chiltoni (Klapow 1972) . However, the adaptive significance of a synchronous molt cycle has not been well documented. Previous studies have focused on the adaptive significance of semilunar rhythms in the reproductive behavior for effective mating in the Crustacea (Sastry 1983) . The rapid death of males shortly after the appearance of ovigerous females in N. hinumensis suggests the presence of synchronization in mating behavior. Semilunar rhythms in the molt cycle presumably play some role in this synchrony. The intervals of the cyclic molts up to the summer diapause were evidently shorter than those after the summer diapause. Since the 3 molts up to the summer diapause were highly synchronous, we presume that some internal or environmental mechanisms controll the molt cycle. It is not certain how the molt cycle before the summer diapause is related to the phase of the moon. Since the water temperature ranged from 10 to 15 during the periods of cyclic molts both before and after the summer diapause, an effect of temperature on metabolic rate would not seem to be responsible for the difference in molting intervals between the periods before and after the summer diapause. Experimental analyses in the laboratory will be required to elucidate the mechanism of synchronization of molting in N. hinumensis.
Growth
The percentage increase in carapace length up to the summer diapause became smaller with each successive molt. An increase of only ca. 2% at the 3rd molt is unusual in crustacean juveniles. This low growth rate is presumably related to the storage of lipid droplets as an energy reserve to survive during the summer diapause. After the end of the summer diapause, females grew more rapidly than males. In Leucon nasica (Granger et al. 1979) and L. jonesi (Bishop 1982) , in contrast to Nippoleucon hinumensis, adult males are larger than females and the growth rate is higher in the male than in the female. Sex-related differences in growth are presumably related to specific adaptations.
Reproduction
Cumaceans occasionally incubate 2 broods (Duncan 1984) , as observed in the deep-sea leuconid cumacean Leucon jonesi (Bishop 1982) . It is generally difficult to estimate the frequency of females that incubate a second brood from specimens collected in the field. Corey (1976) , using Diastylis sculpta kept in the laboratory, estimated that only 10% of the surviving females incubated a second brood. It was obvious in Nippoleucon hinumensis that all females surviving to April incubated a second brood. These females rapidly disappeared in May, but a small number of ovigerous females were collected in June 1999. This suggests the possibility that long-lived females incubate a third or fourth brood. The 1st instar juveniles, comprising 1% of the individuals in the summer diapause, had a significantly smaller carapace length than 1st instar juveniles before the diapause. This indicates that the 2 populations differed in origin. Since the 1st manca larvae released from the second brood comprised about 3 to 5% of the juveniles in May, the small-sized 1st instar juveniles comprising 1% of the individuals in diapause can be presumed to derive from the second brood. The duration from emergence to entering the diapause was too short for larvae derived from the second brood to have grown fully and reached the 2nd juvenile instar stage. The small subpopulation of individuals derived from the second brood may not affect the total population of N. hinumensis, but there is a possibility (Akiyama & Yamamoto 2004 ) that they play a pivotal role in maintaining a subpopulation of individuals without a diapause during their life span (nondiapausing individuals).
There have been few studies on the mating behavior of cumaceans (Duncan 1983) , but the death of males soon after mating is a common feature (Duncan 1984) . In the case of the highly synchronous postmarsupial development of Nippoleucon hinumensis, most males disappear seasonally. Gamô (1962) reported that all 64 specimens of Leucon varians collected in Tokyo Bay on 29 April 1960 were females: 4 ovigerous specimens and 60 at the preparatory stage. This unusual sample suggests that the life history of L. varians is also characterized by synchronous post-marsupial development and abrupt death of the males after mating, as in N. hinumensis. Although males became markedly less abundant than females after incubation of the first brood, all females could nevertheless incubate a second brood. The females may retain spermatozoa required for the second brood in their body for the second brood, but another possibility is proposed in Akiyama & Yamamoto (2004) . In the present study, adult individuals, especially preparatory females, showed a patchy distribu-tion on the seabed. This suggests a possibility that they use chemical cues for mating.
Fecundity and intramarsupial development
For the Leuconidae, fecundity has been reported for Leucon nasica (Granger et al. 1979 , Corey 1981 , L. jonesi (Bishop 1982) , L. profundus (Bishop & Shalla 1994) and Eudorella pusilla (Corey 1981) . Fecundity of Nippoleucon hinumensis was characterized by a larger clutch size than the above species, despite its smaller body size. Hashizume & Omori (1998) reported a large clutch size for an epiplanktonic shrimp of the genus Lucifer living in a bay. The large clutch size of N. hinumensis would also have an ecological role in adaptation to life in a bay or estuary. The marsupium of N. hinumensis swells to the limit of its volume at the end of the first brooding, suggesting that marsupium volume determines fecundity for the first brood. Fecundity for the second brood was much smaller than that for the first brood despite the similar body size of the females. The shorter period of the second brood may be related to its shorter vitellogenetic period; the vitellogenetic period was >1 mo for the first brood, but only ~20 d for the second brood.
Previous studies have provided little knowledge about intramarsupial development of the Cumacea; the present temporal data observed in field-collected specimens will be useful as a basis for further studies of cumacean development. The period of the second incubation in early summer was much shorter than that of the first incubation from winter to spring, suggesting that the duration of intramarsupial development is related to metabolic rate, affected by ambient temperature.
